A frozen, stillborn alpaca (Lama pacos) was submitted to the Minnesota Veterinary Diagnostic Laboratory for diagnostic purposes. No gross or histopathologic changes of any significance were seen. A pool of lung, liver, and brain tissues was positive for bovine viral diarrhea virus (BVDV) by reverse transcriptionpolymerase chain reaction. On inoculation in cell cultures, a noncytopathic BVDV (type 1b) was isolated. No evidence of BVDV was seen on immunohistochemical examination of tissues. This indicates the importance of using multiple tests for arriving at a diagnosis and appears to be the first report of BVDV isolation from alpaca.
Bovine viral diarrhea virus (BVDV) belongs to the Pestivirus genus in family Flaviviridae. It is one of the most important pathogens of cattle and is prevalent worldwide. Many different types of conditions have been associated with BVDV, e.g., gastrointestinal infections, respiratory infections, abortion, teratogenic effects, stillbirths, and weak calves. The type of fetal damage after transplacental infection with BVDV depends on the age at which the fetus is exposed to the virus. If infected early in gestation with a noncytopathic BVDV, the fetuses may develop immune tolerance and are born as persistently infected animals that act as reservoirs of infection for the whole herd. These persistently infected animals can also develop fatal mucosal disease if infected later in life with another BVDV strain. The endogenous mutation of the noncytopathic to cytopathic biotype is another mechanism by which mucosal disease may occur.
Infection of the central nervous system may lead to microencephaly, porencephaly, hydroencephaly, hydrocephalus, and cerebellar hypoplasia. Ocular, cutaneous, and skeletal defects may also be present. A virus similar to BVDV, the border disease virus, causes infection in sheep resulting in ''hairy shaker'' lambs. 4, 11 As from cattle, BVDV has been isolated from pigs, sheep, goats, camel, deer, and llama. 2, 6, 12 In llama, BVDV has been isolated from cases of abortion, excessive nasal discharge, and diarrhea. 2 Isolation of BVDV from a stillborn alpaca (Lama pacos) is described in this report.
A frozen, stillborn alpaca was submitted to the Minnesota Veterinary Diagnostic Laboratory, St. Paul, Minnesota, for diagnostic purposes. This fetus was from second parity; the first parity fetus was born alive in 1997 and is doing well. The farm consists of 20 adult alpaca, and no additional reproductive problems were reported on this farm. On necropsy, large amounts of serosanguineous fluid were present within the body cavities. No grossly apparent internal or external lesions of diagnostic significance were noted in any tissue or organ. On histologic examination, no conclusive antemortem microscopic lesions were observed. But artifacts associated with freezing were evident in all tissues examined. Culture of lung, liver, and brain yielded a few colonies of Staphylococcus intermedius.
Sections of lung, liver, kidney, and spleen were stained immunohistochemically (IHC) for BVDV. Paraffin-embedded tissue sections were cut, placed on slides, deparaffinized, and rehydrated as in routine tissue processing. Tissue sections were treated with proteinase K a in 0.05 M Tris-buffered saline (TBS; pH 7.6) at room temperature for 5 minutes and then rinsed in running tap water for 10 minutes and in TBS containing 0.05% Tween 20 (TBST; pH 7.6) for 5 minutes. The slides were loaded into an Autostainer a and processed as follows: 5-minute rinse in TBST, 15-minute block with endogenous peroxidase (3% H 2 O 2 /H 2 O), 5-minute rinse in TBST, 10-minute block of nonspecific binding sites with normal goat serum diluted 1:10 in TBST, 30-minute incubation with anti-BVDV monoclonal antibody (1:25 dilution of clone 15CS), b 5-minute rinse with TBST, 15-minute incubation with biotinylated goat anti-rabbit and mouse immunoglobulin G (IgG), 5-minute rinse with TBST, 15-minute incubation with streptavidin-biotin-horseradish peroxidase, c 5-minute rinse with TBST, 10-minute reaction with 3amino-9-ethylcarbazole (AEC), c and a final 5-minute rinse in H 2 O. Slides were then removed and rinsed in running tap water for 5 minutes. After a 2-5 minute counterstain with Mayer hematoxylin, c the slides were rinsed with running tap water and BVDV antigen visualized by the red staining caused by the reaction of the horseradish peroxidase with the H 2 O 2 -AEC complex. All tissue sections were negative for BVDV.
The thoracic fluid was examined for the presence of IgG by the agar gel immunodiffusion procedure and was found to be weakly positive for bovine IgG, indicating that the fetus was exposed to some sort of infection. A homogenate of lung, liver, and brain was inoculated in bovine turbinate cells using the standard procedures. 21, 22 After 1 week of incubation, the inoculated cells were examined for BVDV using a direct immunofluorescence method (DFA). 9 A noncytopathic BVDV was isolated.
The original homogenate of tissues and the viral isolate were also tested for BVDV in a single-tube reverse transcription-polymerase chain reaction (RT-PCR) using the TaqMan technique. 7 Viral RNA was extracted and purified using a commercial kit. d Primers to the highly conserved sequences from the 5Ј-untranslated region (UTR) of BVDV 5 Figure 1 . Phylogenetic analysis based on sequences from the 5Ј-UTR. Phylogenetic analysis of the 5Ј-UTR sequence generated from the alpaca isolate and sequences generated from BVDV reference strains segregated the alpaca isolate to the BVDV1b subgenotype.
were lengthened, and degeneracy was included at specific nucleotide sites to enable them to anneal to a wider range of BVDV strains. 7 These primers (forward: 5Ј-GGGNAG TCGTCARTGGTTCG-3Ј; reverse: 5Ј-GTGCCATGTACA GCAGAGWTTTT-3Ј) amplify a fragment of approximately 190 bases in both BVDV type 1 and BVDV type 2. Both the original tissue samples and the viral isolate were positive for BVDV using RT-PCR.
The genetic analysis of this isolate was based on comparison of 5Ј-UTR. Total RNA was extracted from infected cells and pestivirus-specific sequences were amplified by PCR according to protocols described previously. 15 Both strands of each PCR product were sequenced in duplicate. Comparison and analysis of derived sequences were performed using the Align Plus, e GeneWorks, f and MacDNASIS g software packages. Phylogenetic analysis of the 5Ј-UTR sequence generated from the alpaca isolate and sequences generated from BVDV reference strains segregated the alpaca isolate to the BVDV1b subgenotype. 3, 15, 16 This appears to be the first report of BVDV isolation from alpaca. Normally, BVDV is a pathogen of cattle but has been isolated from goats, camel, pigs, and New World camelids (NWC). 2 Antibodies to BVDV have also been detected in NWC, 8, 17 and the virus has been isolated from sick llamas (Lama glama). 2 In the latter instance, 2 3 cases of BVDV infection in llamas from 2 different herds were described. The first case was a cria that was delivered by cesarean section, the second case consisted of sudden death in 2 pregnant llamas, and the third case concerned a 15-month-old male llama with lymphoid depletion and thymic atrophy. Cytopathic and noncytopathic BVDV were isolated from the first and the third cases, respectively. The evidence of BVDV infection in the second case was based on positive immunoperoxidase staining of umbilicus and spleen of suspect animals. When whole herds were tested (n ϭ 35 and 136 in the 2 herds), no evidence of virus or antibody was found in any of the animals. In all 3 cases, DFA was negative on frozen sections of tissues. It was recommended that BVDV infection should be considered in llamas with abortion, diarrhea, unthriftiness, and weight loss. 2 Although NWC are considered susceptible to most of the common ruminant viral infections, little information is available on natural viral infections of NWC. In a study involving 390 llamas from 9 farms in Argentina, antibodies were detected to bovine herpes virus type 1, BVDV, bovine adenovirus type 3, bovine enterovirus, and bovine rotavirus. 14 No antibodies were detected against bluetongue, bovine leuko-sis, or foot-and-mouth disease virus. Some investigators believe that most diseases of the NWC are related to management and environmental issues rather than infections. 18 Isolates of BVDV can be divided into 2 genotypes: types 1 and 2. 13 Each of these genotypes can be further divided into 2 biotypes (cytopathic and noncytopathic) based on their ability to produce or not produce cytopathic effects, respectively, in cell cultures. Type 1 BVDV has been recognized for many decades and is worldwide in distribution. Type 2 BVDV, on the other hand, was recognized only recently and has been implicated in a high mortality disease characterized by thrombocytopenia and hemorrhages in infected animals. 13 Type 1 BVDV has further been divided into 2 distinct genotypes, BVDV1a and BVDV1b, represented by NADL and Osloss strains, respectively. 3, 15, 16 Multiple subgenotypes of BVDV have been described in Europe. For example, types 1c and 1d of BVDV type 1 have been described recently. 1 On the basis of genetic typing of the 5ЈUTR and autoprotease regions of 78 BVDV strains from 7 European countries, BVDV was divided into 11 different phylogenetic groups. 20 These multiple genotypes have so far not been observed in the US isolates of BVDV. Clearly, more data are needed for proper classification of BVDV.
Because vaccines and diagnostic tests designed for one type of BVDV may not be optimal for the other type, 16 it is important to determine the type of BVDV isolated from infected animals. It is not surprising that the virus isolated from alpaca was noncytopathic BVDV type 1b. Many studies have indicated that noncytopathic strains of BVDV are more prevalent than the cytopathic strains in cattle. 10, 19, 20 The source of the virus in this herd of alpaca could not be determined. No evidence of BVDV antibody was found in the serum of the dam 5 weeks after abortion, when sera were tested in virus neutralization tests using Singer strain and alpaca isolate of BVDV. This is in agreement with a previous study in which no antibody was detected in aborted llama. 2 Because a monoclonal antibody was used in IHC test, it cannot be concluded with certainty that the animal was truly negative for BVDV because monoclonal antibodies typically do not detect all BVDV strains. But clone 15CS monoclonal has been found to recognize all BVDV strains tested and some but not all hog cholera virus isolates (E. Dubovi, personal communication). Because BVDV was not detected by DFA in the study on llamas 2 and by immunohistochemistry in this study, it is important to use virus isolation and/or RT-PCR for the detection of BVDV-infected animals. 
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